Additional index words. fluorescence, gas exchange, ornamental plants, plant nutrition, salinity Abstract. Euonymus japonica Thunb. (euonymus) plants were submitted for 9 months to two irrigation treatments using water from different sources: a control (C) water with electrical conductivity (EC) less than 1.2 dS · m L1 and reclaimed wastewater (RW) with EC ' '4 dS · m L1 . At the end of the experiment, no differences in the total dry weight were observed between treatments, whereas the leaf dry mass increased (to the detriment of the root part in RW plants). Throughout the day, the stem water potential (C stem ) of the RW plants was lower than in C, whereas stomatal conductance (g S ) was slightly reduced in RW from 0800 HR to 1200 HR, but no significant variation in photosynthesis (P n ) or energy conversion efficiency (F# v /F# m ) in photosystem II was detected through the effect of salinity. Gas exchange and fluorescence showed a tendency to increase after midday in plants treated with RW. The photosynthetic behavior and fluorescence of RW plants may have been related to the nitrogen and chlorophyll content of the leaves, confirming the resistance of the photosynthetic mechanism to salinity in this species in these conditions. The toxic effects produced by high concentrations of boron (B), sodium (Na + ) and chloride (Cl -) were offset by the effect of other ions like magnesium (Mg 2+
In recent years, the increase in crop areas and associated water demands have led to a decrease in fresh water availability. In arid and semiarid areas, where there is an increasing shortage of water, irrigation is fundamental for agricultural development (Feigin et al., 1991) . Alternative sources of water such as treated wastewater are therefore required to satisfy the needs of crops and its use is gradually becoming a common practice worldwide (Angelakis et al., 1999) .
One of the advantages of treated wastewater is that it acts as an important source of nutrients for crop production (Jimenez-Cisneros, 1995; Kiziloglu et al., 2007 ) so that it may be possible to reduce fertilizer application when treated wastewater is used (Gori et al., 2000; Wu et al., 2001) . In addition, its use can be considered an attractive option as a result of the economic savings involved.
Another advantage in using treated wastewater is that it can be safely used in the production of ornamental plants, which are not destined for human consumption, avoiding the health problems derived from toxicity in vegetables and fruit. However, many research projects have looked at the effects of RW on the physiology of ornamental species with controversial results, probably as a result of the different cultivation techniques used, environmental characteristics, and the different species studied (Acosta-Motos et al., 2014; Bañón et al., 2011; Gori et al., 2000; Schuch, 2005) .
The need to obtain ornamental plants of a high quality entails the proper management of irrigation (Weber et al., 1996) and a careful evaluation of its effect on plants. The chemical composition of treated wastewater varies according to the treatment process, source of waters, location, and time of year (Niu and Cabrera, 2010) . Although some water reclamation treatment facilities offer periodic laboratory test results, the data are often incomplete for assessing irrigation quality because they are oriented to the ''human impact factor'' rather than performance (Duncan et al., 2009) . As a consequence, it is necessary to take precautions before reusing wastewater (Angelakis et al., 1999) .
One of the main factors that determine the suitability of low-quality water for irrigation is its salinity. Among the many effects, salinity generates the decrease in the y S of the medium, which, as a consequence, increases the difficulty of the plant to take water from the medium (Neumann, 1997) . In saline conditions, reductions in the levels of CO 2 assimilation have been related, among others, to partial stomatal closure, decreases in the photosynthetic pigments, and changes in the ion concentration of leaves (Demetriou et al., 2007) . Furthermore, such physiological responses in plants are also subject to the daily changes in environmental factors such as atmospheric temperature, light, or humidity.
From this point of view, the study of the daily patterns of leaf water relations and gas exchange activity is a good physiological approximation for analyzing the optimum water use by plants (Hsiao, 1993) and can provide basic information on plant responses to irrigation. Moreover, there are recent studies that use other less common methods such as infrared thermography to indirectly determine the plant water status. The physiological basis of this methodology is the decrease in energy dissipation caused by transpiration resulting from the stomatal closure in plants under water stress, the consequence of which is an increase in leaf temperature (Costa et al., 2012; Jackson et al., 1981; Jones et al., 2002) .
Euonymus japonica Thunb. (euonymus) is a popular shrub from Japan, which grows naturally in coastal zones where salt accumulates in soils and is widely used as an ornamental plant. The aim of this work was the daily characterization of the water status of euonymus plants irrigated with good-quality water and treated wastewater with a high salinity level to determine the physiological behavior in this plant. We studied the daily and seasonal gas exchange parameters, water relations, and canopy temperature as well as leaf ion accumulation, photosynthetic pigments, and plant growth.
Material and Methods
Plant material and growth conditions. The experiment was conducted in 1-year-old Euonymus japonica plants (n = 80) in 2.5-L polyethylene pots (diameter 17 cm, height 14 cm) containing a substrate of coconut fiber, black and blond peat, and perlite (8:7:1) amended with 2 g · L -1 of Osmocote Plus [14: 13:13 nitrogen (N), P, K plus microelements]. On 9 Nov. 2011, the pots were placed in a plastic greenhouse in the CEBAS experimental farm located in Santomera (Murcia, Spain) equipped with a cooling system. The microclimatic conditions recorded with a Vaisala probe (HMP45C) during the experimental period showed air temperature, relative humidity, and vapor pressure deficit values of %22°C, 64%, and 1.3 KPa, respectively. The pots were randomly placed in two independent irrigation lines.
The treatments were started on 18 Nov. 2011 and for 36 weeks the plants were irrigated with water from two different sources: C (to 100% water-holding capacity, EC less than 1.2 dS · m -1 , leaching 15% of the applied water) and RW (EC: 4 dS · m -1 , leaching 40% of the applied water to avoid excessive accumulation of salts in the substrate) from a sewage treatment plant in Campotejar (Murcia, Spain). The wastewater treatment plant applies a conventional activated sludge process followed by ultraviolet application for the tertiary treatment. The experimental period ended on 31 July 2012. The height of all the plants at the beginning of the experiment was similar, %40 to 45 cm.
One drip nozzle, delivering 2 L · h -1 per pot, was connected to two spaghetti tubes, one on each side of every pot. Plants were irrigated daily and the duration of each irrigation episode depended on the season, climatic conditions, and plant development. Water consumption was measured gravimetrically throughout the experimental period and was determined from the difference in weights (weight after irrigation, when drainage stopped, and weight before rewatering).
Water analyses. The inorganic solute content, pH, and EC of the irrigation waters were assessed in Jan. 2012, 8 weeks after beginning the treatments. The samples were collected in glass bottles and stored at 5°C before being processed for chemical analysis. , and the micronutrient B were determined by inductively coupled plasma optical emission spectrometer (ICP-ICAP 6500; DUO Thermo, U.K.). Cl -were analyzed by ion chromatography with a Metrhom Chromatograph (Switzerland).
Growth parameters and mineral content. At the end of the experiment, the substrate was gently washed from the roots of three plants per treatment. Then, the plants were divided into shoots (leaves and stems) and roots. These were then oven-dried at 80°C until they reached a constant weight to measure the respective dry weights (DWs). Leaf number was counted directly and leaf area (cm 2 ) was determined in the same plants using a leaf area meter (Delta-T; Devices Ltd., Cambridge, U.K.). The height was also determined in 10 plants per treatment.
On 17 Apr., 22 weeks after beginning the treatments, the inorganic solute content of leaves was determined with dry mass in four plants per treatment. The concentration of Cl Chlorophyll content, fluorescence, and color parameters in leaves. On 17 Apr. 2012, 22 weeks after beginning the treatments, the chlorophyll content was assayed according to Inskeep and Bloom (1985) in the leaves of four plants per treatment. The extraction was made from 50 mg of fresh material in 5 mL of 80% acetone in the dark at 4°C. The extract was read at 647 and 664 nm in an Uvikon 940 spectrophotometer (Kontron Instruments AG, Z€ urich, Switzerland). Chlorophyll fluorescence parameters were measured with the LI-COR 6400 equipped with a fluorometer (6400-40; LI-COR Inc., Lincoln, NE). The energy conversion efficiency in photosystem II (F# v /F# m ) was determined during the day in the same plants in which gas exchange was measured. The maximal photochemical efficiency of photosystem (F v /F m ) on the adaxial leaf surface was also measured once at predawn.
Twenty-two weeks after beginning the treatments, leaf color was measured with a Minolta CR-10 colorimeter (Nieuwegein, Netherlands), which provided the color coordinates lightness (L*), chroma (C*), and hue angle (h°) (McGuire, 1992) using eight plants per treatment.
Water relations. Twenty-two weeks after beginning the treatments, the diurnal patterns of g S , P n , and Y stem were determined from sunrise to sunset, every %1.5 h in five plants per treatment. Leaf g S and net photosynthesis were determined in leaves exposed to sunlight using a gas exchange system (LI-6400; LI-COR Inc.) fixing the conditions of CO 2 concentration at 380 ppm, the photosynthetically active radiation at 1000 mmol · m -2 · s -1 , and the speed of the circulating air flow inside the system at 300 mmol · s -1 . Stem water potential was estimated immediately in the leaves in which g S and P n were measured, according to Scholander et al. (1965) using a pressure chamber (Model 3000; Soil Moisture Equipment Co., Santa Barbara, CA), placing the leaves in the chamber within 20 s of collection and at a pressure of 0.02 MPa · s -1 (Turner, 1988) . Leaves for measuring Y stem were taken from the north-facing side and were covered with aluminium foil for at least 2 h before measurements.
In addition, seasonal changes in g S and P n at midday were determined in six leaves per treatment once a week, as described previously. The y S at full turgor (Y 100s ) was also estimated throughout the experiment using excised leaves with their petioles placed in distilled water overnight to reach full saturation. Then, these leaves were frozen in liquid nitrogen (-196°C ) and stored at -30°C. After thawing, the Y 100s was measured in the extracted sap using a WESCOR 5520 vapor pressure osmometer (Wescor Inc., Logan, UT) according to Gucci et al. (1991) .
Leaf hydraulic conductance and transpiration. Twenty-two weeks after beginning the treatments, the leaf hydraulic conductance (K s ) was calculated in four plants per treatment using the formula: from samples collected 8 weeks after applying the treatments. C = control; RW = reclaimed wastewater; EC = electrical conductivity; Cl = chloride; Na = sodium; B = boron; Ca = calcium; K = potassium; Mg = magnesium; P = phosphorous. 62.50 ± 2.66 z Data are mean ± SD (n = 3). y Data are mean ± SD (n = 10). x Values within a row followed by * indicate statistically significant differences at confidence 95% between treatments, according to Duncan's multiple range test. C = control; RW = reclaimed wastewater; DW = dry weight.
where E is the transpiration calculated as the difference between evapotranspiration (ET) and evaporation. The ET was determined by recording the weight losses in four pots per treatment, and the evaporation was determined in the same way in a representative plant from which all the leaves had been detached. Y leaf is the leaf water potential and Y stem is the stem water potential. Canopy temperature. Twenty-two weeks after beginning the treatments, every %1.5 h from sunrise to sunset, the canopy temperature from eight plants per treatment was measured manually with a thermal imager (ThermaCam FLIR-e50 System, Inc., U.K.), which consisted of a 240 · 180-pixel line scan imager operating in the wavebands 7.5 to 13 mm with a noise equivalent temperature difference of 0.05 at 30°C and an accuracy of 2°C or 2% of the reading. Infrared (IR) images were taken from the sunlit side of the canopy (Jones et al., 2002) . Background temperature was determined as the temperature of a crumpled sheet of aluminium foil in a similar position to the leaves of interest with the emissivity set at 1.0 (Jones et al., 2002) . The emissivity for measurements of euonymus leaves/canopies was set at 0.96 Leinonen et al., 2006) . Images were taken at a distance of %0.7 m from the canopy of interest and later processed with ThermaCam Explorer software (FLIR QuickReport) as previously described in the literature Leinonen et al., 2006) . Using the IR image software, sunlit portions of leaves were selected based on the corresponding visible images, which were corrected for spatial calibration drift by subtracting a corresponding reference image of an isothermal surface (the lens cap), as suggested in the literature Jones et al., 2002) .
Data analyses and statistics. Eighty plants were randomly distributed to two irrigation treatments (40 plants per treatment). The data were analyzed by one-way analysis of variance using Statgraphics Plus for Windows 5.1 software (StatPoint Technologies, Inc., Warrenton, VA). Ratio and percentage data were subjected to an arcsine square-root transformation before statistical analysis to ensure homogeneity of variance. Treatment means were separated with Duncan's multiple range test (P # 0.05).
Results
Water analyses. Eight weeks after beginning treatments, the chemical properties of the irrigation waters were analyzed (Table 1) . Although the control and RW waters showed similar pH values, the EC value of RW water was approximately four times higher than the EC value of control. Also, higher values of B, Ca, K, Mg, and P values were observed in the RW water. The Na + and Cl -values in this water were %11 and 10 times higher, respectively, than in the control water (Table 1) .
Measurements of growth and mineral content. At the end of the experiment, despite there being no differences in the total DW between treatments, the leaf DW of euonymus plants irrigated with RW was statistically higher, whereas the root DW was lower than in C plants (Table 2) . Therefore, the leaf DW/total DW ratio increased, whereas the root/shoot ratio and root DW/total DW decreased in RW plants with respect to values in the C plants. In contrast, total leaf number and total leaf area showed no difference between irrigation treatments. Regarding the height, the C plants were shorter than RW plants (Table 2) .
Twenty-two weeks after beginning the treatments, an increase in the Na + , Cl -, and B content of leaves was observed in RW, although Mg 2+ , K + , and P were also accumulated. Moreover, the total N concentration was higher in RW plants than in the control plants (Table 3) .
Chlorophyll content, fluorescence, and color parameters in leaves. Twenty-two weeks after beginning the treatments, the leaf chlorophyll content (a, b, and total) was higher in RW plants than in the control plants (Table 4) . Regarding color parameters, the luminosity and chroma were lower and the hue angle was higher in the RW plants than in the C plants (Table 4) . The result was a more intense green color in leaves of the RW plants than in the control plants. No visual damage such as chlorosis or necrosis to plants was observed and the aesthetic value of the plants was not diminished.
Twenty-two weeks after beginning the treatments, the F# v /F# m fluorescence decreased in all plants as the day progressed with no statistical differences between treatments until 1400 HR, when the RW plants began to show higher F# v /F# m values, which remained higher than in C plants until the end of the solar light (Fig. 1A) . The maximum efficiency of PSII in dark-adapted leaves (F v /F m ) remained %0.8 in all plants.
Plant water status and gas exchange. The g S values in C plants were statistically higher than in RW plants between 0800 HR and 1200 HR. In addition, a decrease in g S was observed in the all plants between 0800 HR and 1000 HR (Fig. 1B) . From midday, there were no significant differences between treatments in g S and the RW plants showed a tendency to recover their values with respect to the control plants. Similar behavior was found for the maximum photosynthesis rate, which showed a tendency to decrease as the morning progressed, but with no significant differences between treatments (Fig. 1C) . The stem water potential decreased in both control and RW plants, reaching the lowest values between 1400 HR and 1600 HR. However, the Y stem in the RW plants was almost always significantly lower than in the C plants during the day (with differences of 0.2 to 0.4 MPa between treatments) (Fig. 1D) .
Throughout the experiment, g S and P n were similar for both treatments, except on a few occasions when the values in RW plants fell below those of C plants ( Fig. 2A-B) . The Y 100s was lower in RW plants than in C plants from Week 18 (Fig. 2C) .
Leaf hydraulic conductance, canopy temperature, and transpiration. Twenty-two weeks after beginning the treatments, the leaf hydraulic conductance was lower in RW plants than in C plants (Table 4 ). The canopy temperature throughout the day was slightly higher in the RW plants with maximum differences between treatments between 0800 HR and 1200 HR (Fig. 3A) . Gravimetric transpiration of both treatments increased in the central hours of the day. However, the transpiration rate was higher in C plants than 10,184* ± 900* 13,630 ± 1000 z Data are mean ± SD (n = 4). y Values within a row followed by * indicate statistically significant differences at confidence 95% between treatments, according to Duncan's multiple range test. C = control; RW = reclaimed wastewater; B = boron; Ca = calcium; Mg = magnesium; Na = sodium; Cl = chlorine; K = potassium; P = phosphorus; Zn = zinc; Fe = iron; Mn = manganese; Cu = copper; N = nitrogen. 2.245* ± 0.313 1.501 ± 0.272 z Data are mean ± SD (n = 8). y Data are mean ± SD (n = 4). x Values within a row followed by * indicate statistically significant differences at confidence 95% between treatments, according to Duncan's multiple range test. C = control; RW = reclaimed wastewater; Chl = chlorophyll; K s = leaf hydraulic conductance.
in RW plants during practically the whole day (Fig. 3B) .
Discussion
The effect of using treated wastewater on the growth of ornamental species has been studied by many authors (Bañón et al., 2011; Gori et al., 2008; Lubello et al., 2004; Wu et al., 2001 ) with different results. In euonymus plants, the RW did not affect the total dry biomass at the end of experiment (Table 2) . However, leaf DW increased in these plants probably because the nutrients synthesized were destined to the leaves, at the expense of the roots, whose DW decreased. This decrease in root dry mass could be explained by a mechanism to avoid the entrance of toxic ions. Similar results were found in Abutilon 'Kentish Belle' (Gori et al., 2000) , Phlomis purpurea (Á lvarez et al., 2012) , and in Polygala myrtifolia (Bañón et al., 2011) , although other authors have reported that shoot growth is more sensitive to salinity than the root part of the ornamental plants such as Lantana camara, Delosperma cooperi, and Teucrium chamaedrys (Bañón et al., 2011; Niu and Rodríguez, 2006) . Thus, the excess salinity of reclaimed water may affect each part of the plant differently (Á lvarez et al., 2012) . In our previous study (Gómez-Bellot et al., 2013) , euonymus plants irrigated with RW (from a sewage treatment plant in Campotejar, EC = 4 dS · m -1 and leaching of 30%) showed decreased growth and a lower aesthetic value. However, in this case, our results are more in accordance with Miyamoto et al. (2004) who reported that euonymus is able to support 6 to 8 dS · m -1
, because the total growth in our plants was not negatively affected by salinity. Similar results were observed in cultivars of calla lilies (Veatch-Blohm et al., 2012) .
The decrease in stem water potential (Fig.  1D ) and in leaf hydraulic conductivity (Table  4) of plants irrigated with RW reflected their greater difficulty in absorbing water during the day than the control plants as a consequence of higher salt accumulation in the substrate (Á lvarez et al., 2012) . Regarding gas exchange, the most dramatic response to salinity is a decrease in stomata aperture (Munns and Tester, 2008) , and as a consequence, g S decreases. Although photosynthesis could also be the growth-limiting factor (Sánchez-Blanco et al., 2002) , many species are able to maintain the photosynthesis rate unaltered despite reduced g S (James et al., 2002) as occurred in our case (Fig. 1C) . In addition, all the plants in our experiment showed decreased g S values between 0800 HR and 1000 HR as well as lower F# v /F# m values (Fig. 1A-B ) between 0630 HR and 1000 HR, probably as a result of limited stomatal aperture, because the temperature in the greenhouse increased during this period (Cameron et al., 2008) . The same behavior was found by Petkova et al. (2007) . Plants irrigated with reclaimed wastewater showed higher F# v /F# m values than the control plants from 1400 HR and the F v /F m values indicated the absence of damage to the photosynthetic apparatus (Percival, 2005; Sixto et al., 2006) . Regarding seasonal gas exchange, the g S and P n values ( Fig. 2A-B) hardly showed any statistical differences between treatments during the experiment, and RW plants were able to maintain osmotic adjustment (Fig.  2C) . It is well known that osmotic adjustment involves the net accumulation of solutes in a cell in response to salinity (Ghoulam et al., 2002) . Consequently, the y S decreases, which, in turn, attracts water into the cell and enables turgor to be maintained (Bradley and Morris, 1991) .
On the other hand, the canopy temperature in RW plants (Fig. 3A) responded to the high temperature in the greenhouse and reflected the difficulty of plants to take water from the substrate during the day, as was evidenced by the stem water potential behavior in RW plants. The canopy temperature values were closely related to the stomatal opening, although the g S values of euonymus plants were not excessively high in our conditions. As the plant transpires, the evaporation of water consumes heat energy, which decreases the leaf temperature and results in a cooling effect. The decrease of transpiration in RW plants led to an increase in the canopy temperature as a result of a reduction in the rate of heat removal (Colaizzi et al., 2012) . Thus, the measurement of leaf temperature by thermal imaging can be regarded as a reliable way to detect changes in the physiological status of plants in response to abiotic stresses such as salinity (Sirault et al., 2009 , which play an important role in cell structure, development, and plant metabolism, is often reduced in salt-sensitive plants grown in saline environments (Almansouri et al., 2001; Chaparzadeh et al., 2003) . However, in our experiment, Mg 2+ , K + , P, and total N were accumulated in leaves and Ca 2+ was not reduced because of the greater amounts of these ions supplied with the wastewater. Similar results have been observed in Petunia hybrida and Calceolaria hybrida (Fornes et al., 2007) . In addition, leaf Cl -concentration in RW plants was relatively low compared with other horticultural crops irrigated with low-quality water Sun et al., 2013) . Therefore, the salts present in the RW did not interfere in the absorption of Mg 2+ , K + , P, Ca 2+ , and total N, whose availability for the plant was maintained.
The increase in hue angle in RW plants produced leaves with a more intense green color, which was related with the higher chlorophyll (Table 4) and N content of these plants. Furthermore, the increase in fluorescence after midday and higher chlorophyll and N content of the RW plants could also be related to photosynthetic behavior (Evans and Poorter, 2001; Jiang and Xu, 2000; Reich et al., 1995) and with a higher recovery capacity of these plants after midday. Salinity stimulates chlorophyll degradation and affects chlorophyll synthesis (Santos, 2004) . However, these results indicate that Cl -and Na + were not concentrated enough in the leaves to cause photochemical damage. In contrast, the beneficial components from RW could increase the chlorophyll content and consequently helped maintain P n during growth. Salinity derived from RW may reduce growth and leaf expansion as a result of osmotic effects or toxicity, as we observed in a previous study in euonymus (Gómez-Bellot et al., 2013) . However, the physiological response to RW throughout the day suggested that euonymus is resistant to these saline conditions, whereas the nutrients provided by the wastewater probably conferred benefits on the physiological function of the plant.
In this experiment, the plants showed no toxicity symptoms or loss of growth, and their aesthetic value was maintained. This response could be explained by: 1) the age of the plants and hence, a long acclimatization period in the greenhouse before the reclaimed wastewater treatment was imposed; 2) the higher leaching percentage than in the earlier experiment; and 3) the appreciable amounts of Mg 2+ , Ca 2+ , K + , and P contained in the wastewater, which could offset the toxic effects produced by high B, Na + , and Cl -concentrations, which in turn were lower in these conditions. 
